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ABSTRACT 
Tumor  cell  transformation and  growth  were  studied  in  a  plant  neoplasm, 
crown gall of bean, induced by Agrobacterium rubi. Ribose nucleic acid  (RNA), 
deoxyribose nucleic acid  (DNA),  histone, and total protein were  estimated  by 
microphotometry of  nuclei, nucleoli, and  cytoplasm in stained  tissue sections. 
Transformation of normal cells  to  tumor cells was  accompanied by marked in- 
creases in ribonucleoprotein content of affected  tissues,  reaching a maximum 2 to 
3  days after  inoculation with virulent bacteria.  Increased DNA levels  were  in 
part associated with increased mitotic frequency, but also with progressive  accu- 
mulation of nuclei in the higher DNA classes, formed by repeated DNA doubling 
without intervening reduction by mitosis. Some normal nuclei of the higher DNA 
classes (with 2, 4, or 8 times the DNA content of diploid nuclei) were reduced to 
diploid levels by successive  cell  divisions without  intervening DNA  synthesis. 
The normal relation between DNA synthesis and mitosis was thus disrupted in 
tumor tissue.  Nevertheless,  clearly defined DNA classes, as found in homologous 
normal tissues,  were  maintained in the tumor at  all times. 
INTRODUCTION 
Crown gall affords certain unique opportunities 
for  the  study  of  tumor  inception  and  growth. 
The  rapid  and  consistent response  of  host  tissue 
to  the  inoculation  of  tumor-forming  bacteria 
makes possible an accurate  seriation of  stages  in 
tumor  genesis.  In  addition,  the  similarities  be- 
tween crown gall and neoplastic growth in animals 
have  been pointed  out  by  many workers  during 
the  last half  century  (Smith et at.,  1912;  Levine, 
1924; Braun, 1947, 1958; White and Braun, 1942). 
Much of the literature on crown gall has  dealt 
with the structure of mature tumors from a  wide 
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variety  of  plants  (Smith,  1922;  Levine,  1936; 
Riker and Berge,  1939;  Riker el a/.,  1946).  Work 
on the histology and cytology, of tumor initiation, 
however,  is  much  less  extensive  and  has  been 
largely  limited  to  tomato  (Riker,  1923,  1927; 
Geneves,  1946;  Flint,  1951;  Klein  and  Link, 
1955),  although  recent  cytological  studies  have 
been made  on  bean  (Therman,  1956),  sunflower, 
and pea  (Kupila,  1958).  In addition  to  morpho- 
logical  studies,  several  recent  papers  have  dis- 
cussed  nucleoprotein changes  associated  with  the 
initial  stages  in  tumor  formation  (Klein,  1952, 
1953;  Klein el  al.,  1953).  The  relations  between 
biochemical findings and changes in cell structure 
have been a  major interest in the present study.  1 
1 To relate our study to the many others on crown 
gall,  we have here used the generalized term  "crown 
gall" for the overgrowths produced in bean by A. rub¢, 
although other authors (Riker and Hildebrandt, 1951) 
have  restricted  the  term  "crown gall"  to  tumors in- 
duced by A. tumefaclens and used the term "cane gall" 
for tumors produced in certain hosts by A. rubi. It is 
our experience  that the histological  responses  in bean 
tissues  inoculated with these pathogens are similar in 
all essential characteristics. 
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Nuclei  of  animal tumors frequently possess abnor- 
mally high amounts of deoxyribose nucleic acid (DNA) 
(reviewed  by  Vendrely,  1955).  This phenomenon has 
been variously interpreted. It has been considered by 
some workers  (Koller,  1943;  Stowell,  1947),  to be the 
result  of  a  poorly  defined  alteration  in  nucleic  acid 
"balance,"  which possibly  was  a  causative  factor  in 
tumor  formation.  More  recently,  chromosome counts 
(Hauschka and Levan, 1951;  Levan, 1956)  and photo- 
metric measurements on the DNA content of individual 
nuclei  (Leuchtenberger  et  al.,  1952;  Bader,  1953; 
Leuchtenberger et al.,  1954; Richards et al.,  1956) have 
shown that most elevated DNA values are associated 
with increases in mitotic index and chromosome num- 
ber  (polyploidy),  and  that  the  constant  relation  be- 
tween  DNA  and  the  chromosome complement,  char- 
acteristic  of  normal  tissues,  is  still  maintained  in 
tumors.  Polyploidy  is  also  of  frequent  occurrence  in 
normal tissues  (Biesele et  al.,  1942;  Swift,  1953)  and 
certain  active  tumors  are  not  polyploid  (Leuchten- 
berger  et  al.,  1952;  Bader,  1953).  Thus  an  elevated 
amount of DNA is not a criterion or "cause" of malig- 
nancy,  but  may  be  only  one  of  the  numerous  con- 
comitants of disorganized growth. 
In plants, as in animals, polyploidy occurs in both 
normal (Coleman, 1950; D'Amato, 1952; Geitler, 1953; 
Naylor, 1954; Kupila, 1958) and tumor tissues (Palser, 
1942;  Stein,  1942;  Garrigues,  1950;  Allen and  Alien, 
1954;  Partenen,  1956;  Therman,  1956;  Kupila,  1958). 
Since crown-gall tumors can be rapidly induced at will, 
they enable accurate comparisons between tumor and 
normal tissues at all stages of growth. This permits a 
more subtle analysis of polyploid frequencies,  mitotic 
indices,  DNA  distribution,  and  rates  of  synthesis, 
than has  so  far  been possible  for  animal  tumors.  It 
might  also  be  stressed  that  the  DNA  changes  with 
mitosis  and  polyploidy  reported  here  appear  almost 
identical with those in animal tissues; (Leuchtenberger, 
1954;  Vendrely and Vendrely, 1956). They  thus serve 
to  emphasize  basic  similarities  between  plants  and 
animals in  the behavior of  DNA  of  both normal and 
neoplastic cells. 
A  basic problem  in  the initiation of  crown-gall 
tumors concerns the mechanism whereby host cell 
growth  is  activated  by  tumor-inducing  bacteria 
(Braun,  1954;  Klein and Link,  1955).  As one ap- 
proach  to  this process we  have determined  RNA 
and  protein  levels  in  nuclei,  nucleoli,  and  cyto- 
plasm of cells during transformation. In addition, 
histological changes have been outlined  to  orient 
the  cytochemical  findings.  Bean  tissues  were 
chosen because the large cells and regularly shaped 
nuclei lend themselves well to photometry. Results 
of a  preliminary study have been published earlier 
(Klein  et  al.,  1953).  The  present  report  is  based 
on  a  second,  more  extensive  series  of  samples. 
Materials  and Methods 
Plants  of  broad  bean  (Viola  faba,  var.  English 
Windsor)  were  grown  in pots  from  seed  for  3  weeks 
before  treatment  (Klein  et  al.,  1953).  Three  types  of 
samples,  taken from the upper fourth and fifth inter- 
nodes,  were  studied.  (1)  Inoculated  stems were  punc- 
tured  with a  trident dipped  in an  18 hour culture of 
Agrobacterium  rubi.  (2)  Wounded  control  tissues were 
punctured  with  a  sterile  trident.  (3)  Normal  tissues 
were  taken  from  wounded  stem  segments,  but  away 
from the region of puncture. Slices of tissue 3 to 8 ram. 
thick were  fixed  in absolute ethanol-acetic acid  (3:1) 
or in  10 per cent neutral formalin, and  embedded  in 
paraffin.  Approximately  10  stem  samples  for  each 
treatment at each collection period were  examined,  a 
total of 127 plants in all. 
For  histological  study  formalin-fixed  20#  sections 
through the puncture zone were stained with safranin 
and fast green.  Adjacent sections were also stained in 
a  saturated solution of sudan black B  in polyethylene 
glycol  (Chiffelle and  Putt,  1951).  The  periodic  acid- 
Schiff reaction was used for polysaccharide localization 
(Gomori,  1952).  For  cytological  observations,  10# 
sections of alcohol-acetic acid fixed tissues were stained 
with (1) a  standard Feulgen procedure (Stowell,  1945) 
and counterstained with alcoholic fast green, (2)  azure 
B  bromide at pH 4.0 (Flax  and  Himes,  1952),  or  (3) 
with gallocyanin-chromalum at pH 1.8 (Stenram, 1953). 
Quantitative  analysis  of  cytological  changes  was 
complicated  by  the  variety  of  tissue  types  involved 
in the tumor or wound response.  In wounded  tissues, 
early  observations were  made on the  relatively small 
area  of  stimulated  cells  in  the  vascular-associated 
parenchyma, just beneath the necrotic layer.  In later 
samples,  the wound  periderm,  arising from  these  tis- 
sues,  was  measured.  Normal  unwounded  control 
tissues,  unless  otherwise  noted,  were  chosen  from 
comparable unaffected areas. Measurements on inocu- 
lated  stems  were  first  limited  to  vascular-associated 
parenchymal  cells  surrounding  the  site  of  puncture 
(Fig.  13).  The initial area  of  prospective tumor  cells 
(called  by  Riker,  1923,  and  others  the  "infection 
court")  spread by 5 days to include parts of pith and 
cortex,  and  these  cells  and  their  derivatives  were 
included in the later measurements. Cells were chosen 
at random within the area of activation whether or not 
they were visibly affected. 
Cell Dimensions.--Nuclei  were measured from Feul- 
gen-stained sections, and nucleoli from tissues stained 
with azure B and naphthol yellow S. Major and minor 
axes of whole, uncut nuclei, and nucleoli were measured 
with an ocular  micrometer at  X  3000.  The  cross-sec- 
tional  area  (A)  of  cells  was  estimated  in  transverse 
stem sections with a thickness (T) of 30/z. The number 
of cells (Nc)  was counted in a  microscope field  (F)  of 
known area  (F  =  22,500#~)  and  the  mean area per 
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values from 20  such fields  were averaged.  Mean  cell 
diameter (2R)  was computed as R  =  %/F/rNc.  For 
estimates of cell volume (V)  and height (//), the total 
number of nuclei per microscope field  (N~)  was also 
counted. Volume was computed as  V  =  TF/N,~, and 
height as H  =  V/A  =  TNc/Nn,  assuming that cells 
are cylinders oriented parallel  to  the stem axis,  each 
with one nucleus. These values were too low when cells 
deviated  from  cylindrical  shape,  as  in  the  mature 
tumor (Text-figs.  7 and 8), but the method did provide 
an objective picture of major changes in cell dimensions. 
Mitotic  Frequencies.--The  per  cent  of  nuclei  in 
mitosis  (mitotic frequency)  was  determined  on  30# 
Feulgen-stained preparations,  the  same  used  for  the 
DNA  determinations  described  below.  The  mitotic 
stages  scored  included  late  prophase  through  early 
telophase.  From 2000 to  5000 cells  were surveyed in 
6 to 8 stem samples for each collection period. Observa- 
tions  were  restricted initially  to  areas  10  to  12  cell 
layers back from the site of puncture or inoculation, 
but  later  included  only  wound  periderm  proper  or 
random areas of the tmnor mass. 
DNA  Determinations.--Amounts  of  DNA  in  indi- 
vidual Feulgen-stained nuclei were estimated by micro- 
photometry.  Serial  sections  of  formalin-fixed  tissues 
were  stained  in  freshly  prepared  Feulgen  reagent 
(Stowell,  1945) for 1 hour after 14 minutes hydrolysis 
in  ~  HCL  at  60°C.  All  slides  were  hydrolyzed and 
stained at one time. To minimize light scatter, prepara- 
tions were  mounted in  oil  matched  to  the refractive 
index of the nuclei (1.572). Because many of the nuclei 
were too dense to measure accurately at 560 m/z (the 
absorption maximum of the DNA-Feulgen complex), 
all  DNA measurements were made off the absorption 
peak at 600 m# with light from a  Beckman DU spec- 
trophotometer (Swift  and Rasch,  1956). 
For each collection period 100 or more nuclei of both 
wounded  and  inoculated  tissues were  measured from 
parenchymal cells in  the zone of puncture.  Elongate 
nuclei of vascular cells were not measured, since accu- 
rate  volume  determinations were  difficult.  To  assure 
measurement of only spherical or near spherical nuclei, 
longitudinal sections were found  most  satisfactory. 
The total dye bound (Mr) is given here in photometric 
units, computed as M  =  I0  (EV/P),  in  which E  is 
the extinction of the DNA-Feulgen dye complex at a 
wavelength of 600 m#, P is the mean calculated optical 
path in  microns, and  V is  the nuclear volume in #~. 
Central "cores" through nuclei were measured and the 
total  dye  bound  computed with  a  table  (Swift  and 
Rasch,  1956). Under  these  conditions diploid  nuclei 
from four bean  tissues averaged  2.9  times more dye 
bound  than  diploid  nuclei  of  rat  liver  or  kidney. 
Assuming the diploid rat nucleus contains about 6 pg. 
of  DNA  (Thompson,  1953; Vendrely,  1955), each 
photometric unit is  then the equivalent of 4.5  pg.  of 
DNA (Table I). These data indicate that each diploid 
bean nucleus averages 17.8 pg. of DNA. Jensen (1958) 
has reported a  mean of 18.0 pg. in biochemical deter- 
minations of DNA/cell in the histogen region of bean 
root  tips.  The  diploid  DNA  value  is  referred  to  as 
"2C" in  the text and figures. 
DNA  Class Frequencies.--Relative  incidence  of 
nuclei in  the various DNA classes  (2C,  4C,  8C,  etc.) 
was  estimated  by  visual  rating  of  Feulgen-stained 
preparations.  Accuracy  of  the  visual  ratings  was 
assessed by measuring microphotometricaily all whole 
nuclei within a  field 120/z in diameter. In an adjacent 
field  of the same sample,  all  whole nuclei  were  then 
judged visually to be 2C,  4C,  8C -.. on  the basis of 
nuclear volume and relative intensity of Feulgen stain- 
ing. Three to five nuclei of each class in the test field 
were then measured in the usual way. In 20 such trials, 
accuracy of visual ratings averaged better than 98 per 
TABLE  I 
DNA  Content of Diploid  (2C) Bean Nuclei,  as Estimated from gC Rat Nuclei 
Series  Bean tissue  DNA-Feulgen  per 2C  Rat tissue  DNA-Feulgen  per 2C  DNA per  nucleus  nucleus  2C bean  nucleus* 
I  (1953) 
II (1954) 
III (1956) 
IV(1957) 
Wound periderm 
Ray parenchyma 
33 Day tumor 
33 Day tumor 
Root tip telophases 
mean  s.E.  n 
4.07  -4-  0.17  12 
4.11  ~  0.10  15 
3.62  :~  0.11  20 
4.13  -4-  0.07  16~ 
4.15  :t:  0.08  17 
Liver 
Liver 
Kidney 
Liver 
mean  s.E.  n 
1.41  -4-  0.12  12 
1.34  =E  0.02  12 
1.29  -4-  0.02  25 
1.38  -4-  0.04  15 
pg. 
17.3 
18.4 
16.8 
18.0 
18.1 
Mean  17.8 
* Assuming the average rat diploid somatic nucleus contains 6 pg. DNA (pg,  --  10  -n gin.)  (Thompson, et al., 
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cent. This method, although slightly less accurate than 
straight photometry, allowed a larger and more repre- 
sentative  sample  to  be  taken  than  was  possible  by 
photometry alone.  From 500 to 800 cells were surveyed 
in each tissue  sample  at  0,  9,  20,  and  33  days  after 
treatment. 
Ribose Nucleic  Acid  Determinations.--Tissues  were 
stained for RNA with the basic dye azure B, 0.025 per 
cent in  0.1  ~  citric acid-phosphate  buffer at  pH  4.0 
(Flax and Himes, 1952). Slides were treated for 3 hours 
at  40°C.,  and  differentiated  for  18  hours  in  tertiary 
butyl  alcohol.  Adjacent  sections  were  treated  before 
staining  with  an  0.02  per  cent  solution  of  Armour 
crystalline ribonuclease with  the pH  adjusted  to  6.5 
with 0.01 N NaOH. This treatment removed all stain- 
able  material  in nucleoli and  cytoplasm.  Certain  cell 
wall components  also  stained  with azure  B,  but  this 
basophilia  was  not  removable with  nuclease  (Rasch, 
1958). 
Nucleolar  RNA  was  determined  on  slides  treated 
with crystalline deoxyribonuclease (Worthington,  0.02 
per  cent  in 0.003  M MgSO4,  adjusted  to  pH  6.0)  to 
remove interfering basophilia from DNA. Only diploid 
(2C)  cells,  as  judged  by  their  volume,  containing  a 
single nucleolus,  were measured.  Determinations were 
made  at  a  wavelength  of  550  m/x. Total  dye  per 
nucleolus was calculated as for nuclear DNA-Feulgen 
estimates. Care was taken to avoid error from overlying 
stained cell walls. 
Amounts of RNA per cell were estimated with the 
two-wavelength method (Ornstein,  1952; Patau,  1952). 
Sections  30 jz  thick  were  treated  with  deoxyribonu- 
clease  as above, to remove DNA basophilia, and were 
then stained for RNA with azure B. Extinctions were 
determined at 508 m/2 and 540 m/2 on randomly selected 
areas  110#  in  diameter.  Cell  walls  showed  largely 
orthochromatic dye binding, with a  peak  at  650  m/2 
(Rasch,  1958), their absorption being negligible below 
540  m/z. RNA concentration,  estimated  as extinction 
(E)  per  micron  section  thickness,  was  multiplied  by 
mean  cell volume to  obtain  the  total RNA per  cell. 
Values were corrected by the ratio E~so/E~o to make 
them comparable with estimates of nucleolar RNA. 
Protein  Deterrninations.--To  estimate  total  protein 
changes, formMin-fixed  tissue sections were hydrolyzed 
and  Feulgen-stained  as  described  above,  and  then 
stained  for  total  protein  basic  groups  in  1 per  cent 
naphthol yellow S  (NYS) in 1 per cent acetic acid at 
pH 2.8 (Deitch, 1955). Comparisons of acid dye binding 
before  and  after  HC1  hydrolysis  demonstrated  no 
appreciable protein  loss  by  the  treatment  used.  The 
DNA content of a nucleus was first estimated by meas- 
uring Feulgen intensities at 600  m/z; naphthol  yellow 
intensity  was  then  measured  at  450  m/z  for  diploid 
(2C)  nuclei only. This permitted comparison of protein 
amounts  in  cells  of diploid  DNA content,  uncompli- 
cated  by  changes  in  protein  content  coincident  to 
chromosome  duplication  with  mitosis  or  polyploidy. 
Nucleolar protein  was estimated  at 450  m/2 on slides 
stained  with  naphthol  yellow S  alone.  Nucleoli were 
measured  only from diploid nuclei,  as determined  by 
their volume, containing a single nucleolus.  Appropriate 
corrections  were  applied  to  nucleolar  extinctions  to 
compensate  for  absorption  of stained  nuclear protein 
above  and  below  the  nucleolus  (Swift  and  Rasch, 
1956). 
Another series  of formalin-fixed  stem segments was 
used  to obtain DNA/histone ratios.  Feulgen prepara- 
tions and DNA determinations were made as described 
above. Histone estimates were obtained from alternate 
30/z sections stained  with fast green at pH 8.1,  after 
removal of nucleic acids with 5 per cent trichloroacetic 
acid at 90°C.  for  15  minutes  (Alfert and  Geschwind, 
1953). Because bean nuclei were too dense to measure 
accurately at  640  m/z,  the absorption  peak  of bound 
fast  green,  all  histone  measurements  were  made  at 
580 m#. Only diploid (2C) nuclei,  as judged by nuclear 
volume,  were  used  for  comparisons  of  DNA/histone 
ratios. 
RESULTS AND OBSERVATIONS 
Histological  Changes 
The  major  tissue  areas  and  cell  types  of  bean 
fourth  internode  are indicated  in  Figs.  1 and  10. 
(Cf. also  Palser,  1942). 
Wound Response: 
The path  of  the  wound  made  by  the needle is 
shown  in  Fig.  1.  In  wounded  control  tissues, 
during  the  1st day, ruptured  cells formed a  layer 
of sap,  cell wall, and cytoplasmic debris along the 
line of puncture  (Fig. 4).  After 2  to 3 days under- 
lying cells were passively sealed off by accumula- 
tion  of  Sudan-positive  material  in  the  debris 
layer.  Cell  degeneration  and  death,  as  indicated 
by  loss  of  plastids,  dumped  cytoplasm,  and 
pycnotic nuclei, were observed in cells injured  by 
the needle,  and  rarely  also  in a  few cortical cells 
one  to  three  layers  beneath  the  wound  surface. 
After  3  days  a  few  cells of  the  ray  parenchyma 
two  to  three  layers  from  the  wound  showed  in- 
creased  basophilia  and  enlarged  nuclei.  By  days 
4  and  5, ray and perimedullary cells began active 
tissue  repair  by  divisions  periclinal  (cell  walls 
parallel)  to  the wound  surface  (Fig.  27).  This re- 
sponse  was,  however,  not  extensive;  a  total  of 
about  one-third  of  the  parenchymal  cells  sur- 
rounding  the wound  had  divided during  the first 
5  days.  Within  9  days,  parenchymal  cells of  the 
central  cylinder  initiated  a  secondary  area  of 
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active tissue repair by producing small, flattened 
parenchymal  derivatives  from  the  wound  mer- 
istem.  Wound  repair  was  fairly complete  by  20 
days;  by  33  days,  cells of  the  wound  periderm 
completely sealed off the puncture (Fig. 8). 
Tumor Response: 
Response  of  inoculated  stems  during  the  first 
24  hours  closely paralleled that  of  the  wounded 
controls. The wound  surface was passively sealed 
off by debris from ruptured cells as described for 
the controls (Fig. 4) and cell death was limited to 
the first two cell layers below the line of puncture. 
In  some  inoculated  stems,  outer  cortical  cells 
showed clumping and loss of plastids five to eight 
cell layers from the wound surface, but these cells 
apparently  continued  viable.  The  first  evidence 
of ceil division was seen at 2 days. In longitudinal 
sections  elongate  cells  of  the  central  cylinder 
formed two  (rarely three or four) smaller cells by 
transverse  divisions  dividing  the  long  cell  axis. 
Longitudinal  divisions,  dividing  the  cell  width, 
were usually first apparent in stem cross-sections 
at 3 days (Fig. 6). By 2  to 3 days recent cambial 
derivatives and  cells of  the endodermis and rays 
showed  increased  basophilia  (Fig.  5).  By  4  to  5 
days primary tumor cells and  their progeny were 
dividing in all planes to form small tumor masses 
(Figs. 2,  7,  11).  In such regions there was almost 
complete loss of normal intercellular spaces. Sev- 
eral areas of cell distortion and collapse suggested 
spatial replacement of normal  tissue by prolifer- 
ating  tumor  cells  (Figs.  7  and  11).  Cells of  the 
primary  tumor  masses  were  strongly  basophilic 
and despite  the  tissue  of  origin,  highly meriste- 
matic in character (Fig. 7). Differentiated pericyclic 
and  cortical fiber cells were,  for  example,  trans- 
formed  into  strand-like tumor  masses.  Pith  and 
cortical cells adjacent  to  damaged  bundles  were 
often highly basophilic, but were as a rule not yet 
dividing  (but  see  Fig.  11).  The  cambium  was 
stimulated to produce excessive numbers of undif- 
ferentiated cells as far away as 500  microns from 
the site of inoculation. By 9 days all tissue types 
except  epidermis,  mature  xylem,  and  phloem 
showed transformation into tumor tissue (Fig. 12). 
After the  1st week tumor growth progressed at 
a  gradually decreasing rate. In regions adjoining 
damaged vascular bundles, localized areas of cell 
collapse resulted  from  continued  enlargement  of 
the primary tumor mass. The hollow center of the 
stem filled with tumor cells derived from the pith. 
In the cortex, strands of small, thin walled tumor 
cells formed distinctive whorls, in which by 9 days 
a  few  cells could  be  seen  with  scalariform  wall 
thickenings. After 20 days such regions contained 
lignified,  xylem-like  tissue  (wound  sclerids  in 
Fig.  3).  By  33  clays  tumors  showed  extensive 
proliferation  with  the  derivations  of  cell  types 
often  difficult  to  determine.  In  areas  of  pith  or 
cortical  origin,  giant  cells  with  highly  polyploid 
nuclei  and  sparse  cytoplasm  were  interspersed 
with masses of small, highly basophilic, thin walled 
tumor cells (Fig. 9). The large nuclei of giant cells 
were often irregularly shaped, as reported by other 
workers  (Levine,  1931;  Kupila,  1956;  Therman, 
1956).  Many were markedly lobulate, while some 
showed  deep indentations extending one-third or 
more of the nuclear diameter. The tumor mass was 
vascularized by strands of xylem-like and phloem- 
like  elements.  In  several  instances,  sieve plates 
were  clearly  evident.  In  some  cases,  vascular 
strands of the tumor anastomosed with bundles of 
the  central  cylinder,  but  often  they had  no  ap- 
parent continuity with them. On the tumor surface, 
epidermis and  outer  cortical cells were  sloughed 
off, and a layer of ruptured and necrotic tumor cells 
formed  an  outer  Sudan-positive  layer  (Figs.  3 
and 9). 
Cytological Changes 
Cdlular Inclusions: 
During  the  first  3  days  following inoculation, 
Feulgen-positive  rod-shaped  bodies,  presumably 
the  bacteria,  were  seen  in  the  cell debris at  the 
wound surface. Rarely, bacteria were found within 
necrotic cells just  below  the  wound  surface.  No 
direct indication of bacteria within  tumor  tissue 
was  found.  Cell  walls  immediately  surrounding 
the site of inoculation were often granular in ap- 
pearance and intensely basophilic. The basophilia 
was associated with some unidentified component 
not attacked by ribonudease. Since tumor growth 
involved the dissolution of preexisting cell walls, 
this increased basophilia probably reflects certain 
stages in  the  breakdown of cell wall components 
(Riker, 1927; Banfield, 1935).  It was not apparent 
in wounded controls. 
The  nuclei  of  young  tumor  cells  were  almost 
without exception surrounded by highly refractile, 
ovoid, or rod-shaped inclusions which stained in- 
tensely  with  the  periodic  acid-Schiff  reaction 
(Figs. 30 and  31). These perinudear bodies were 
not found at 1 or 2 days after inoculation and were 16  NUCLEOPROTEIN  CHANGES 
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TExT-FIG. 1. Average cell dimensions and cell volume. The actual 0-hour  (100 per cent) control values were 
175 #  length,  27/z diameter, and 104,000 #3 volume. 
seen  elsewhere  only  in  the  starch-storing  endo- 
dermis of normal and wounded stem tissues. They 
also occurred in cells of the root cap and the zone 
of elongation. Unlike the bacteria, these inclusions 
showed  no  stainability  with  Feulgen,  azure  B 
(Fig.  28),  or  gallocyanin  chromalum,  but  were 
clearly stained with the acid dyes, fast green, and 
naphthol  yellow S.  In  addition,  the  bodies were 
positively stained with  Sudan black B  (Fig. 29) 
and blackened by fumes from 2 per cent osmium 
tetraoxide.  The  inclusions  were  present  during 
mitosis (Fig. 31), and were occasionally seen lying 
in the spindle of dividing cells, apparently passing 
to  the poles with daughter chromosomes. 
Cell Dimensions: 
In unwounded control stems, cells of the central 
cylinder were approximately cylindrical in shape, 
and showed a  slow but steady increase in volume 
of 50 per cent in 33 days (Text-fig. 1). By contrast, 
both  wounded  and  inoculated  stems  showed  a 
marked drop in cell volume starting at day 2, but 
most marked between days 3 and 5. From the 5th 
day on, the volumes remained approximately con- 
stant,  with  the  gradual  closing of  the  lesion by 
periderm cells in  the  wounded  controls, and  the 
growth of tumor cells in inoculated stems. Although 
mean volumes of wound periderm and tumor cells 
were  similar,  the  tumor  showed  a  much  wider 
spread  of  values,  including  areas  of  very  small 
cells interspersed with large and highly polyploid 
cells.  Mean  cell  dimensions  were  also  different, 
Tumor cells were wider and shorter, in many cases 
losing their cylindrical shape and vertical orienta- 
tion. 
Mitosis: 
In  normal  stems  the  mitotic  frequency  was 
below 0.5 per cent at the start of the study and 
dropped  to  0,1  per  cent  by  5  days;  no  mitotic 
figures were seen in stems collected at 9  days or 
later. The mitotic response of wounded and inocu- 
lated stems is graphed in Text-fig. 2 A. In wounded 
stems it reached a peak at 3 days, and dropped to 
0.3 per cent after 9 days. Inoculated stems paral- 
leled the wounded controls for the first 3 days but 
continued  to  increase  to  a  maximum  at  day  5. 
There  were  still a  significant number  of  mitotic E.  RASCH, H.  SWIFT, AND R.  M.  KLEIN 
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TExT-FIG. 2.  Mitotic frequency and  DNA interclass values.  Mitotic frequencies  were determined on about 
3000 ceils per sample. Interclass values (the shaded areas in Text-figs. 9 and I0) are defined as nuclei with DNA 
amounts falling outside the normal class distribution. They presumably represent nuclei engaged in DNA syn- 
thesis at the time of fixation. 
figures at 33 days (Figs. 24 and 25). As discussed 
below, many of the tumor mitoses were polyploid. 
As evident in Text-fig. 1,  cell length decreased 
between days 1 and 5,  but cell width showed sig- 
nificant changes only after day 3.  It  thus  seems 
likely that the first mitotic burst largely involved 
only  transverse  divisions,  with  spindles oriented 
parallel to the stem axis, and that most longitudinal 
divisions took place after day 3. The two peaks in 
mitotic index of the wounded stems a]so may re- 
flect this  difference in  timing.  Since  the  drop in 
cell length  is  similar in  wounded  and  inoculated 
stems,  the  frequencies  of  transverse  divisions 
were probably also  similar.  Cell width,  however, 
was markedly increased in 3 day tumors, and then 
showed a  sharp drop between days 3 and 4, prob- 
ably also associated with  the  increase in  mitotic 
frequency over the wounded controls at day 4 in 
the  forming  tumor.  This  suggests  that  an  early 
indication of tumor induction was a burst of longi- 
tudinal or possibly disoriented divisions between 
days 3 and 5, reflected in the higher mitotic index 
and lower cell width during this period. 
Nudear and Nudeolar  Volumes: 
Nuclear volume was measured on diploid (2C) 
Feulgen-stained  nuclei,  as  determined  by  DNA 
content  (Table  II  and  Text-fig.  3A).  Nucleoli 
were measured in azure-stained sections, and were 
also chosen from nuclei falling within  the diploid 
volume class  (Text-fig. 4).  The  observed volume 
changes  were  thus  largely associated with  inter- 
phase  growth,  and  volume  changes  specifically 
associated with chromosome duplication for mito- 
sis or in  the production of polyploid nuclei were 
eliminated. In Text-fig. 3 B  the volume response 
of 4C nuclei is also shown for purposes of compari- 
son.  These nuclei possessed  twice  the DNA  con- 
tent of diploid nuclei (see below). 
In the wound, nuclear volume changes did not 18  NUCLEOPROTEIN  CHANGES 
TABLE  II 
Volume of Diploid  Interphase  Nuclei during  Wound Repair  and  Tumor Growth* 
Time after treatment 
days 
0 
1 
2 
3 
5 
9 
20 
33 
Nuclear volume, tz3 
mean  S.E, 
193  4-  25 
281~  4-  21 
345§  4-  36 
272  4-  30 
215  4-  21 
120  4-  11 
121  4-  9 
Wounded stems DNA- 
Feulgen per nucleus 
mean  s.E. 
4.28  4-  0.04 
3.92  4-  0.O9 
3.92  4-  0.13 
4.09  4-  0.07 
4.08  4-  0.08 
Nuclear volume, 
4.02  4-  0.07 
4.18  4-  0.07 
Inoculated stems 
mean  s.E. 
193  -4-  25 
320§  4-4- 36 
465§  4-  56 
290~:  -4-  26 
272 H ,4-  36 
224  4-  33 
179  4-4-  24 
178  4-  22 
#*  DNA-Feulgen per nucleus 
mean  S.E, 
4.28  .4-  0.04 
4.2O  -4-  O.O8 
3.95  -4-  0.10 
4.24  4-  O.O7 
4.07  4-  0.11 
3.94  -4-  0.08 
4.00  4-  0.07 
4.08  4-  0.06 
* Each value is the mean of 25  measurements. 
differs from 0  hour control,  P  =  0.01. 
§ differs from 0  hour control,  P  =  0.001. 
[I differs from 5  day  wound, P  -  0.01. 
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TExT-FIa.  3.  Volume changes in  2C,  4C,  and  total  nuclei,  as  determined  on  Feulgen-stained  sections.  The 
actual 0-hour (100 per cent) values were 193 #3 for 2C nuclei, 410 #a for 4C nuclei, and 284 #3 for all nuclear classes. 
Means and  standard errors for 2C  values are given in Table II. Standard errors for 4C values were between 5 
and  12  per cent.  Between  100  and  150  nuclei were measured in each  tissue sample. E.  RASCH, H.  SWIFT, AND  R.  M.  KLEIN  19 
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TEX~:-FIG.  4.  Volume  changes  of  nucleoli,  as  determined  on  sections  stained  with  azure B;  only  diploid  (2C) 
nuclei were measured.  Standard  errors for all  points  were between  7 and  12 per cent.  Each point is the mean of 
between  25  and  30  measurements. 
differ  significantly between  2C  and  4C  cells.  In 
the  tumor,  however,  response  of  2C  nuclei was 
much more marked, indicating that initial tumor 
response  was  most  evident in  the  diploid  cells. 
These data are complicated by the fact that the 
4C  category  probably  includes  tetraploid  cells 
that have not yet undergone DNA synthesis and 
diploid cells  where DNA  synthesis has occurred. 
The latter were probably few in number, since the 
DNA-volmne relationships graphed in Text-fig. 15 
suggest that DNA synthesis in bean stem tissues 
occurred late in the interphase period. 
The mean nuclear volume of  2C  cells  showed 
an  abrupt  increase  reaching  a  peak  at  2  days, 
averaging 80 per cent in the wounded and 140 per 
cent  in  the  inoculated  tissues.  When  volume 
measurements on all nuclei including higher DNA 
classes were averaged, a second  rise was apparent 
between days  5  and 9  (Text-fig.  3 C).  This was 
associated  with  the  increased  participation  by 
nuclei of  pith  and  cortex  during this  period  of 
tumor growth (See also Figs.  11 and 12). Diploid 
nuclei  in  normal  unwounded  tissues  showed  a 
gradually decreasing volume with  differentiation 
so that by 33 days the mean value was 65 per cent 
that of  the 0  time sample, Total average nuclear 
volume in normal tissues,  however, showed a slow 
rise with the formation of larger nuclei, so that at 
33  days  the average value (287 ~'~) was between 
that for the predominantly  diploid wound periderm 
(180 #a)  and the tumor (402 #3). 
Changes  in  nuclear  shape  were  also  noted  in 
the  aging  tumor.  Lobulate  or  deeply  furrowed 
nuclei were  seen, particularly near the De_riohery 
of the tumor mass or in the isolated giant ceils o~ 
the tumor interior. These nuclei were generally of 
the largest volume class. 
Nucleolar volumes from diploid (2C)  cells also 
showed  an abrupt and early increase, but lagged 
slightly  behind  the  change  in  nuclear  volume, 
particularly in the wounded controls (Text-fig.  4). 
Wound  nucleoli  approached  the  values  for  the 
normal stem after 20 days, but even after 33 days, 
nucleoli of tumor cells were still larger than those 
of wounded controls. A  mean value of  43 #3 was 
reached by tumor nucleoli on day 2, and a  value 
of 38 #3 by wound nucleoli on day 3. These values 
were  not  significantly different  from  the  mean 
nucleolar volume of 45 #3 found in diploid cells of 
bean root meristem. Thus nucleolar volumes from 
rapidly growing diploid cells were similar, whether 
tissues were  normal or neoplastic. 
DNA Classes: 
Photometric determinations on  the DNA  con- 
tent of normal stem nuclei are graphed in Text-fig. 
5.  Values  fell  sharply  into  four  different  classes 
with  means  in  a  2:4:8:16  series,  here  called 
classes  2C,  4C,  8C,  and  16C.  ~ Each  tissue  type 
2 The terms "polyploidy" and "endomitosis" are not 
strictly  applicable  to  photometric  DNA  determina- 
tions; consequently we have preferred to use the terms 
"DNA class"  and  "DNA  doubling."  DNA  synthesis 
in a nucleus may involve duplication of chromosome 
number (polyploidy) or  the  number of  chromosome 
strands  (polyteny). These are primarily morphological 
concepts,  and  involve  observations  on  chromosome 
structure.  In  interphase  DNA  determinations  it  is 
impossible  to  determine  in  a  4C  nucleus  whether 
duplication  involves polyploidy or  polyteny.  Conse- 
quently we here refer to a nucleus as in class 4C instead 20  NUCLEOPROTEIN CHANGES 
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TExT-Fro. 5.  Amounts of DNA per nucleus in different tissues  of  normal stem.  Each C  unit  represents 4.0 
photometric units (X =  600 m/z), or about 9.0 pg. DNA (see Table I). Values fall roughly into classes in a  1:2:4:8 
series.  A  total of 313  nuclei were measured. 
had  a  characteristic  distribution  of  DNA  classes 
with  the  highest  DNA  classes  furthest  from  the 
cambium. 
DNA  class  frequencies  were  sampled  periodi- 
cally in normal  and  treated  stems (Text-figs. 6  A 
to C). In normal stems a  sector from a  transverse 
section was scored, including all tissue types from 
of tetraploid, and use the term "higher DNA classes" 
instead of polyploidy. 
"Endomitosis"  is  also  a  morphological  concept, 
originally used  for an  abortive mitotic process where 
chromosome segregation did not occur (Geitler,  1939). 
If endomitosis is defined as a form of specialized mitosis, 
it should not be confused  with DNA doubling which is 
part of the normal mitotic cycle and is usually an inter- 
phase  phenomenon.  In  agreement  with  D'Amato 
(1954), we feel that endomitosis should not, therefore, 
be used for the process by which higher DNA classes 
arise. 
the inner pith  to  the outer epidermis.  DNA class 
frequencies showed little change during the period 
of  study,  except  for  a  slight  increase  in  8C  and 
16C nuclei in the older stems  (Text-fig. 6 A). 
Wound  response  was  primarily  in  the  vascular 
associated cells of the central cylinder. These cells 
were  largely  diploid  (2C),  and  gave  rise  to  a 
wound  periderm  with  predominantly  2C  nuclei. 
With  formation  of  the  wound  meristem  and  its 
derivatives  the  frequency  of  2C  nuclei  increased 
(Text-fig.  6 B).  It  is  probable  that  during  peri- 
derm formation some 4C or 8C nuclei were reduced 
by mitosis to the 2C level, as described below for 
tumor  tissues.  In  older  periderm  a  slow  increase 
in 4C,  8C,  and  16C nuclei was evident, 
Although  the  primary  tumor  originated  from 
the  same predominantly  2C  tissues,  the  distribu- 
tion of DNA classes in the mature tumor mass was 
very  different  from  that  of  normal  or  wounded 21 
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TExT-F~o. 6.  Changes in  DNA class frequency,  as  determined  on  Feulgen-stained  tissue  sections. Between 
500 and 800 nuclei were scored for each tissue at each collection time. In normal tissues, frequencies were little 
changed. Wound tissues increased in 2C nuclear frequency with the formation of wound periderm.  In the tumor 
as a whole there  was a gradual  increase in higher DNA classes. As the tumor  influence spread  into the cortex, 
the higher DNA classes already present were first reduced to 2C and 4C levels, and later the higher classes again 
increased in frequency. 
controls  (Text-fig.  6C).  Early  tumor  masses 
formed  from  the  2C  and  4C  vascular-associated 
tissues of the central cylinder at the site of inocu- 
lation. By 3  to 4 days  these areas were primarily 
composed  of  rapidly  dividing  diploid  cells.  The 
affected area  then  spread  away  from  the  central 
cylinder, so that by 5 days the 8C cells of pith and 
cortex were also involved (see also Figs. 10 to 12). 
During  the  transformation  of cortical cells,  there 
was a  decrease in higher classes,  which later was 
reversed after 20 days  with a  marked  increase in 
the frequency of 8C and  16C nuclei, including the 
formation  of  a  few 32C  and  even 64C  nuclei by 
33 days. The varying distributions of DNA classes 
in  stem  cortex are  graphed  in  Text-fig.  6 D  and 
illustrated  in  the  drawing  of  Text-figs.  7  and  8. 
Text-fig.  7 A  shows  the  cortical  area  of  a  stem 
5  days  after  inoculation,  with  the  meristematic 
tumor mass at the right. The relatively thick walls 
of  old cortical cells can be distinguished from  the 
thinner  walls  of  new  tumor  ceils.  It  is  apparent 
that,  as  cells  of  the  higher  DNA  classes  were 
affected, they divided to form smaller cells within 
the old cell boundary.  Most of the cortical cells, 
from their size and position, were in class 8C at the 
time of treatment (Text-figs. 7 A and 8 A). Under 
the influence of the forming tumor, the boundaries 
of these single ceils  were divided to form 4  to  16 
daughter cells,  most of which contained 2C nuclei 
(Text-fig. 8 B). 
Although  the  process  of  proliferation  of  small 
cells  and  partition  of large cells continued,  some 
small  tumor ceils  enlarged and,  through  repeated 
DNA  duplication,  acquired  elevated  amounts  of 22  NUCLEOPROTEIN CHANGES 
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TExT-FIG. 7. The effect of the tumor on cortical tissues. Camera lucida drawings of Feulgen-stained stems, 
acetic-alcohol fixed (X 86). A, Normal cortex in longitudinal section, the epidermis at left and vascular tissue at 
right. Most nuclei fell into class 8C, but a few 4C and 16C nuclei were present. B, A similar area in a 5-day tu- 
morous stem. Cells nearest the vascular tissues were divided into numerous smaller cells, as indicated by the new 
thin partitions  inside the old and thicker cell walls. The smaller cells largely contained 2C or 4C nuclei. 
DNA (Text-fig.  8 C). Rarely, altered cortical cells 
did not undergo cell division at all, but enlarged 
directly  to  form  giant  cells  with  16C, 32C,  or 
even  64C  nuclei. These  enlarged  ceils  were  fre- 
quently surrounded by  areas  showing  cell  com- 
pression and collapse  (Text-fig.  8 C). 
The DNA distribution in tumors  thus showed 
the following  three  stages:  First, proliferation of 
diploid cells of the central cylinder. Second,  later 
involvement of  cells from higher DNA classes  in 
pith  and  cortex,  and  reduction of  these  cells  to 
predominantly diploid levels.  Third, proliferation 
of  some  of  these  diploid  cells,  and  enlargement 
and DNA synthesis in others, The regular pattern 
of DNA dasses found in normal stem was gradu- 
ally disrupted into a disorganized mosaic (Figs. 3 
and 9). 
DNA Synthesis: 
Interphase DNA  values in differentiated stem 
tissues, where mitotic figures were absent, fell into 
the  sharply defined classes  shown in Text-figs.  5 
and 9. On the other hand, in the growing tissues of 
wound,  tumor,  or  normal  root  meristem  where 
mitotic figures were frequent, a certain number of 
interphase measurements fell outside the range of 
values found for  nuclear classes  of  differentiated 
tissue  (Text-figs.  9,  10,  and  12). In the predom- 
inantly  diploid  wound  periderm  most  of  these 
interclass values were between classes 2C and 4C. 
In  addition,  as  shown  in Text-fig.  11,  prophase 
nuclei from this tissue largely fell in dass 4C and 
telophases  in class  2C.  It  is  thus  apparent  that 
the pattern of DNA  synthesis in these  cells  was 
similar  to  that  found  for  bean  root  meristem 
(Setterfield  and  Duncan,  1955) and  for  many 
other plant and animal tissues (Swift,  1953; Ven- 
drely  and  Vendrely,  1956);  i.e.,  DNA  appeared 
to  be  synthesized  entirely  in  interphase,  to  be 
already doubled to the 4C amount by the start of 
prophase,  and  then  evenly  distributed  between 
the anaphase chromosomes,  so that each daughter 
nudeus returned to dass 2C. 
Although most prophases  in  tumor  cells  were 
in class 4C and telophases in dass 2C,  significant 
numbers of  prophases  also  fell  in class  8C,  and 
telophases  in dass 4C (Text-fig.  11). These higher 
values may represent divisions of nuclei originally 
in  class  4C,  which  underwent  synthesis  to  8C 
before  prophase,  and  were  divided  back  to  4C 
during mitosis, or,  on the other  hand, they may 
represent direct  reduction of  8C  nuclei, without 
preceding  DNA  doubling.  Frequency  of  such 
divisions was low  in wound periderm, but much 
higher in the tumor, increasing with time to about 
30 per cent by day 9  (Table III). It is significant 
that  8C  prophases  were  found  by  48  hours  in 
inoculated tissues, demonstrating the early partici- E.  RASCH,  H.  SWIFT,  AND  R.  M.  KLEIN  23 
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TExT-FIG.  8.  The  effect  of  the  tumor  on  cortical 
tissues.  Camera  lucida  drawings  of  Feulgen-stained 
sections,  acetic-alcohol  fixed  (X  66). A,  A  region  of 
normal cortex in transverse section. A few 4C and 8C 
nuclei are visible. B, A similar area 9 days after inocu- 
lation.  Cortical  cells  contain  numerous  partitions. 
Most  nuclei  have  been  reduced  to  2C  or  4C  levels. 
C,  A  similar area  33  days  after inoculation, showing 
complete  disruption  of  normal  cortical  architecture, 
irregular vascular areas (wound sclerids), and a mosaic 
of small and large cells. 
pation of some nuclei from higher DNA  classes in 
initial  tumor  response.  One  16C  prophase  and 
one 32C prophase were found at 9 days, indicating 
a  few  nuclei  from  the  higher  DNA  classes  were 
also dividing in the tumor mass. The marked dif- 
ference in mitotic frequencies of  2C nuclei and of 
nuclei from higher DNA classes, however, suggests 
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TExT-FIG.  9. Amounts of DNA per nucleus in nor- 
mal  vascular  associated  tissue  and  in  wound  repair 
tissues at various times after  treatment.  Each  C unit 
represents  4.0  photometric  units  (k  =  600  m/z)  or 
about 9.0 pg. DNA. Shaded  areas  represent interclass 
values,  i.e.,  nuclei with  DNA  amounts  outside  the 
normal class  limits.  The  extent  of  the  interclass  re- 
gions as defined in the text are indicated by the double 
lines  on  the  abscissa.  Between 76  and  100 measure- 
ments  are  shown  for  each collection period,  a  total 
of 548. 
that  the  accumulation  of  nuclei  in  higher  DNA 
classes in older tumor  tissues did not result solely 
from  propagation  of  preexisting polyploid  nuclei. 
Interclass  DNA  values  (where  aneuploidy  is 24  NUCLEOPROTEIN  CHANGES 
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TExT-FIG.  I0. Amounts of DNA per nucleus in prospective tumor and tumor cells at various times after inoc- 
ulation. Each C unit represents 4.0 photometric units (X --  600 mk¢) or about 9.0 pg.  DNA.  Shaded areas rep- 
resent interclass values, i.e.,  nuclei with DNA amounts outside the normal class limits. The extent of the inter- 
class regions as defined in the text are indicated by the double lines on the abscissa. Between 100 and 156 meas- 
urements are shown for each collection period,  a  total of 880. 
absent) provide a  measure of the amount of DNA 
synthesis  taking  place  within  a  tissue.  The  fre- 
quency  of  interclass  values,  as  taken  from Text- 
figs.  9  and  10,  is  plotted  in  Text-fig.  2/J.  We 
have  here  arbitrarily  defined  interclass  values  as 
those  falling outside  of  4-0.8  log units of  the  2C 
DNA  mean  value  of  4.03  photometric  units,  or 
of 2  X, 4  X,  or  8  X  multiples of it.  These arbi- 
trary limits (equivalent to 3.2 standard deviations 
of the normal 2C distribution) are indicated at the 
bottom  of Text-figs.  9  and  10.  A  nucleus is  thus 
scored  as an interclass only when it lies well out- E.  RASCH, H. SWIFT,  AND R.  M.  KLEIN  25 
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TABLE III 
Frequency of Different DNA  Classes in Dividing Cdls* 
Days  /~~  Wound 
0 
1 
2  ,.'\  ,~-., 
4C  OC  3 
per  Nucleus  5 
TExT-Fro.  11.  Amounts of DNA in mitotic figures 
of  wound  and  tumor  1  to  5  days  after  treatment. 
Measurements  on  telophase  nuclei  are  shown  in  the 
shaded areas; prophase values are unshaded. A total of 
129 values is shown. 
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DNA  per  Nucleus 
TExT-Fro.  12.  Amounts  of  DNA  in  interphase, 
telophase, and prophase nuclei of bean root meristem. 
A total of 91 values is shown. 
side  the normal spread  of values belonging in one 
class.  This method should provide a  good relative 
estimate, but since we are scoring only part of the 
doubling process,  one would  naturally  expect  the 
absolute frequency of cells undergoing DNA syn- 
thesis  to  be  somewhat  higher  than  the  interclass 
frequencies graphed  in Text-fig. 2 B). 
Interclass frequency rose abruptly to high levels 
during  the first  day in both  wounded  and  tumor 
tissues (Text-fig. 2 B). In tumor cells the interclass 
values  reached  a  maximum  at  5  days,  and  then 
gradually  decreased.  In  wounded  stems  between 
9 and 33 days interclass values were absent. There 
is a similarity between mitotic index and interclass 
frequencies,  but  a  comparison  between  Text-figs. 
Tumor 
0 
1 
2 
3 
5 
9 
4C pro- 
phase 2C 
telophase 
per cent 
100 
100 
I00 
100 
78 
100 
I00 
85 
87 
83 
59 
8C pro- 
phase 4C 
telophase 
22 
15 
13 
17 
29 
16C pro-  32C pro- 
phase 8C  phase 16C 
telophase  telophase 
6 
3 
6 
27 
9 
8 
4 
47 
24 
35 
17 
* Prophase  and  telophase nuclei were measured  in 
formalin-fixed,  Feulgen-stalned  sections.  Photometric 
values are graphed in Text-fig. 11. 
2 A  and  2 B  also  indicates  certain  differences. 
Interclass values rose during  the  Ist day, but  the 
major mitotic burst  began  a  day later,  indicating 
that  most DNA synthesis in this period preceded 
cell division. 
As  discussed  above,  DNA  amounts  in  tumor 
nuclei may be reduced  to 2C levels by progressive 
cell division, without intervening DNA synthesis. 
They can also be increased by a step-wise doubling 
of DNA without subsequent mitosis. Within these 
tissues,  processes  of  DNA  synthesis  and  mitosis 
were not invariably linked.  Support for this inter- 
pretation  comes  from  the  study  of  chromosome 
morphology in mitotic figures. 
Chromosome Number and Form: 
In  a  number  of  cases  obviously polyploid mitotic 
figures  with  2,  4,  or  8  times  the  diploid  number  of 
12 chromosomes were seen  (Figs.  13 to 25). In several 
cases, however, prophase or metaphase nuclei contained 
the  diploid  number  of  chromosomes,  but  these  were 
2  or  4  times  thicker  than  normal,  and  were  often 
clearly 2-  or 4-stranded,  as  drawn  in Text-figs.  13 B 
and 13 C, or photographed in Figs. 15 and 17. It seems 
unlikely that these complexes formed through somatic 
pairing, since most polyploid cells showed no tendency 
toward  chromosome association.  It seems  much  more 
probable that they arose in nuclei which underwent two 
or three successive DNA doublings, without interven- 
ing mitosis. 26  NUCLEOPROTEIN CHANGES 
Time o/DNA  Synthesis: 
The relation between DNA content and nuclear 
volume has, in some tissues, provided an indication 
of  the  time in interphase  that  synthesis occurs, 
and something of the rate in relation to the inter- 
mitotic interval (Setterfield and Duncan, 1955). In 
Text-figs. 14 and 15 the DNA levels of five differ- 
ent  stages  in  the  mitotic  cycle  (telophase,  2C 
interphase,  interclass  interphase,  4C  interphase, 
and prophase)  are plotted  in relation to  nuclear 
volume for root and stem tissues.  In the root tip, 
telophase nuclei averaged about 200 jz  3 and pro- 
phase nuclei about 1000/z  3 (Text-fig. 14). During 
mitosis there was thus a loss of nuclear components 
contributing to  nuclear volume of  about 60  per 
cent, which must be  replaced  in the  subsequent 
TEXT-FIG. 13.  Camera  lucida  drawings  of  tumor 
metaphase  chromosomes (X  1340). A,  The  normal 
chromosome complement of  Vicla faba,  2n  =  12.  B, 
Tetraploid  metaphase, showing the diploid number of 
chromosome pairs.  The longer pairs  remain attached 
in  kinetochore  regions (diplochromosomes),  while  4 
of the shorter pairs have already separated.  C, Meta- 
phase  showing the  2n number of chromatid  bundles, 
each probably 8-partite. 
interphase. Interclass nuclei all fell into one volume 
group,  intermediate between  telophase  and  pro- 
phase nuclei. In the root,  DNA  was  synthesized 
primarily in nuclei of one volume class during the 
midpoint of nuclear growth. 
Similar graphs are shown for tumor, wound, and 
normal stem tissues (Text-fig.  15). There was no 
significant difference  between different treatments 
as  to  the  time  or  rate  of  DNA  synthesis.  The 
curves resembled one another  closely except  for 
the increased nuclear volumes of the 2-day tumor 
population, which shifted the entire curve to the 
right.  In stem tissues DNA synthesis took place 
over a wider range of nuclear volumes than in the 
root,  as indicated by the proportionately greater 
standard  errors  in  volume  of  interclass  nuclei. 
This wide variability is probably associated with 
the heterogeneity of cell types in the stem. In most 
stem tissues prophase nuclei were not significantly 
enlarged over 4C interphase nuclei, and, associated 
with this, the loss in nuclear volume during mitosis 
averaged only 30 per cent as compared to 60 per 
cent in the  root.  The volume increase shown in 
the 2-day tumor was reflected  in all five stages of 
the  mitotic cycle,  but was  greatest in 2C  nuclei 
(140 per cent), smaller in interclass and 4C nuclei 
(75 per cent), and least in prophase and telophase 
(45 per cent). 
RNA and Protein: 
Photometric determinations on the RNA (azure 
B)  and  protein  (naphthol  yellow  S)  content  of 
tumor nucleoli showed  a  marked increase in both 
components by  48  hours,  as  expected  from  the 
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TExT-Fro.  16.  Changes in RNA and protein content in tumor nuclei and nucleoli, expressed as per cent of 
0-hour control levels.  (See also Tables IV,  V,  and  VI.) 
TABLE  IV 
Changes in Nndeolar  Vdume,  RNA, and  Protein Content during  Tumor  Genesis 
Time 
days 
0 
2 
5 
Nucleolar volume 
mean  s.E. 
7.4  4-  0.6 
35.8  -4-  2.3 
16.7  -4-  0.7 
RNA-Azure B 
mean  s.~:. 
0.053  4-  0.06 
0.231  4-  0.17 
0.208  4-  0.10 
15 
12 
12 
Protein-NYS* 
mean  s.•. 
0.066  4-  0.07 
0.234  4-  0.13 
0.192  4-  0.11 
15 
15 
12 
RNA/protein  ratio 
0.80  (1.00) 
0.99  (1.24) 
1.08  (1.35) 
* Naphthol yellow S. 
observed  changes  in  nucleolar  volume  (Text-figs. 
4  and  16).  During  the course of  these variations, 
however,  there  was  also  a  shift  in  RNA/protein 
ratio (Table IV). 
Changes in cytoplasmic RNA concentration appeared 
grossly to parallel nucleo-protein levels in the nucleolus. 
Cells  with  enlarged  nucleoli  and  strongly  basophilic 
cytoplasm were visible 2 days after inoculation in peri- 
cycle,  ray,  and perimedullary parenchyma, in  regions 
two to five cell layers from the puncture.  Similar cells 
occurred  in  wounded  controls,  but  the  response was 
less intense. By 5 days the small tumor masses in vascu- 
lar  associated  tissues  surrounding  the  puncture  were 
intensely basophilic  (Compare  Figs.  26-28).  By  9  to 
20 days cytoplasmic basophilia and nucleolar enlarge- 
ment spread slowly to areas of pith and cortex, appar- 
ently  preceding  the  mitotic  changes  in  these  cells 
(Figs.  11 and  12).  Cytoplasmic RNA levels in cells of 
the wound periderm were generally lower than in the 
tumor. By 20 days the periderm had stopped growing, 
and  the  cells  were  almost  free  of  cytoplasmic  baso- 
philia.  In  the  mature  tumor,  however,  cytoplasmic 
RNA levels, while reduced compared to young tumors, 
were still noticeably higher than in periderm or normal 
stem. 
Concentrations  of  cytoplasmic  RNA  in  both 
tumorous and wounded tissues reached peak levels 28  NUCLEOPROTEIN CHANGES 
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TExT-FIG. 17.  Changes in cytoplasmic RNA. Each 
point represents the mean of  12 measurements made 
on randomly  selected areas  l l0/z in diameter,  using 
the  two-wavelength method.  Values have  been  cor- 
rected  to  make  them  comparable  to  the  nucleolar 
RNA values given in Table IV. A, RNA concentration 
plotted as E~0 per/z section thickness. Standard errors 
ranged from 5 to 16 per cent. Measurements of wound 
and tumor at 3 days are significantly different from 
each other at P  =  0.01. B, Total RNA per cell. The 
extinction values graphed above have been multiplied 
by the cell volumes shown in Text-fig. 1. 
by 5 days (Text-fig.  17). It must be remembered, 
however, that during this period there was also a 
sharp  drop  in average  cell  volume following  the 
initial burst  of  cell  division (Text-fig.  I). Thus, 
the time of maximal RNA content per cell occurred 
at 3 days (Text-fig.  17). It is interesting that the 
cytoplasm appeared  to  lag  24  hours  behind the 
nucleolus,  which  showed  greatest  nucleoprotein 
content  by  the  second  day  after  inoculation. 
Levels of  cytoplasmic protein concentration were 
not studied photometrically, but by visual estima- 
tion  seemed  to  follow  closely  the  behavior  of 
cytoplasmic RNA. A possible exception should be 
noted  in  the  protein-containing, but  non-baso- 
philic,  inclusions mentioned  above,  which  were 
often seen in tumor cells 3 to 9 days after inocula- 
tion, but not in the controls. 
We  were  interested  in  whether  the  marked 
increase  in  nuclear  volume  was  associated  with 
accumulation of small molecules such as water and 
thereby with the dilution of nuclear proteins, or if 
the nuclei increased in protein content during en- 
largement.  Total protein  was  determined  in  2C 
nuclei from sections stained first by the  Feulgen 
reaction and then with naphthol yellow S. Results 
are listed in Table V.  Diploid nuclei from inocu- 
lated stems, as studied in these sections, increased 
in volume about 250 per cent by the 2nd day, but 
only about one-third of this enlargement (73  per 
cent)  was  due  to  increased  protein.  By  day  5 
nuclear  volume  had  dropped  to  a  value  about 
50  per  cent over  the  control, attributable to  an 
increase  in protein  content of  equal  magnitude. 
Diploid  nuclei  in  unwounded stems  showed  no 
significant change in either volume or total protein 
during the same 5 day period. 
For the study of histone protein levels, alternate 
sections were  stained with  the  Feulgen reaction 
for DNA or with fast green at pH 8.1. There was 
no  significant change  in  the  histone  content of 
diploid (2C) nuclei at 0, 2, and 5 days after inocu- 
lation  (Table  VI).  Histone  concentration  was, 
however, markedly lowered  as a function of dilu- 
tion as nuclear volumes increased at days 2 and 5. 
Feulgen-fast green  histone  ratios  of  2.2  to  2.5 
were  found  for  diploid  nuclei  at  all  stages  of 
tumor growth, and for normal tissues as well. 
From a summary of the behavior of these several 
nucleic acid  and protein fractions  (Text-fig.  16), 
it is clear that in cells containing constant levels of 
DNA, the histone protein was not quantitatively 
altered  by  tumor  cell  transformation,  but  that 
amounts of  non-histone protein  and  RNA  were 
significantly increased. 
DISCUSSION 
Major changes during crown-gall tumor forma- 
tion  can  be  considered  in  three  categories:  (1) 
alteration in tissue structure, (2) RNA and protein 
synthesis, and (3) DNA synthesis and cell division. 
(1)  Alterations  in  Tissue  Structure.--With 
spread of  the  tumor from the site of inoculation 
there was a progressive disruption of normal stem 
architecture. Wound healing, on the other hand, E.  RASCH, H.  SWIFT, AND R.  M.  KLEIN  29 
TABLE V 
Protein  Content ~  Diplo~ Nuclei~om  Normd a~  InocMat~  T~sues 
Time 
days 
0 
Protein NYS* 
mean  s.E. 
Normal stem 
4.09  -4- 0.15 
Inoculated stem 
7.09  4-  0.38 
Inoculated stem (tumor) 
6.00  -:v 0.•9 
Normal stem 
3.79  4-  0.24 
Protein- 
qYS con 
entratio 
E/~a 
0.036 
0.020 
0.037 
0.033 
DNA-Feulgen+  + 
mean  S.E. 
1.57  4-  0.05 
1.57  4-  0.06 
1.69  4-  0.04 
1.63  4-  0.05 
DNA- 
~'eulgen 
concen- 
tration 
E/# 2 
0.014 
0.004: 
0.010 
0.014 
Nuclear 
volume  (p,~)  n 
mean  S.E. 
114  -4-  9  25 
362  -4- 20  2O 
164  -4-  17  20 
115  +  9  17 
* Naphthol yellow S. 
:~ Depression of these Feulgen values compared to those of other tables and figures is a result of partial removal 
of stain by the acetic acid used in the naphthol  yellow S procedure (off also Deitch,  1955). 
TABLE  VI 
Comparisons  of DNA-Feulgen and Fast Green-Histone 
Staining in Diploid Nuclei 
Time 
days 
Normal  contro] 
Inoculated 
2 
3 
5 
9 
20 
33 
Wound  peri- 
derm 
9 
S.E. 
0.08 
0.13 
0,07 
0.12 
O. 08 
O. 09 
0.12 
0.02 
'  Fast  mE.  n  i green- 
hlstone 
16  ~  1.62  0.08 
25  1.67  0.06 
12  1.67  0.07 
17  ]  1.64  0.08 
15  I  1.50  0.07 
17  1.58  0.O9 
17  I  1.64  0.O9 
12  I  1.84  0.06 
Feulgen/ 
fast  green  n 
ratio 
15  2,52 
15  2.34 
21  2.32 
15  2.44 
17  2.48 
20  2.38 
20  2.43 
12  2.26 
was a limited tissue response, involving formation 
of a wound periderm like that described for many 
other herbaceous stems (Bloch,  1952). 
It is evident from the literature that crown-gaU 
tumors show variation in morphology and growth 
patterns  characteristic  of  different  host  species 
(Levine,  1931;  Riker  and  Hildebrandt,  1951; 
Klein and Link,  1955;  Kupila,  1956, 1958). The 
timing and nature of histological changes described 
by Therman (1956) for broad bean inoculated with 
A.  tumefaclens  are  strikingly similar to  those  re- 
ported here for bean inoculated with A.  rubi.  As 
pointed  out  by  Kupila  (1958) the  structure  of 
normal tissue is a  major determinant of morphol- 
ogy in the tumor. Thus the degree  of polyploidy, 
character  of  secondary growth  of  normal plants, 
and position of the tumor within a single host, all 
influence the  character  of  the  tumor.  Although 
polyploidy and polyteny were characteristic of the 
bean tumors studied here, crown gall in sunflower, 
for example, has been described as wholly diploid, 
with cells of uniform size  (Kupila, 1958). In bean 
tissues tumor transformation was first observed in 
vascular-associated tissues within 24  to  48  hours 
after  inoculation, but  for  tomato  Riker  (1927) 
found initial cell divisions in cortical parenchyma 
adjoining bacteria-containing spaces  96 hours fol- 
lowing inoculation. Tumor yascularization was not 
observed in tomato until 16 to 18 days after inoc- 
ulation (Riker,  1923), but in bean lignificafion of 
tumor cell walls was seen by day 9, as also reported 
by Therman (1956). Thus there are species specific 
differences in both the time sequence and the sites 
of the origin of the common cellular modifications 
which lead to the disorganized mosaic of cell types 
seen in the mature tumor mass. In part, these dif- 
ferences may reflect local variation in concentra- 
tions of growth regulating substances. For example, 
varying auxin concentrations have been related to 
the production of giant cells with enlarged, lobu- 
late nuclei (Naylor et at.,  1954),  and to excessive 30  NUCLEOPROTEIN  CHANGES 
lignification of tumor cell walls (Struckmeyer et al., 
1949).  Although  crown-gall growth  involves un- 
controlled  proliferation,  it  is  obvious  that  the 
cells are under certain morphogenetic restrictions 
characteristic of the host (Braun,  1953). 
(Z)  RNA-Protein  Relationships.--Prospective 
tumor cells were first recognizable 24 to 48 hours 
after inoculation by marked increases in nucleolar 
and nuclear volumes (significantly greater than in 
wounded stems) and  by increased RNA and pro- 
tein levels  in  nucleolus  and  cytoplasm.  Nuclear 
components reached  maximum  levels per cell on 
the 2nd day, and cytoplasmic RNA on the 3rd day 
after  inoculation.  These  changes  suggest  a  rapid 
stimulation  in  mechanisms  for  protein  synthesis 
and  cell growth.  Responses  in  wounded  control 
tissues, while qualitatively similar, were generally 
less pronounced and less prolonged. 
These  markedly altered  RNA  levels were  not 
observed in our earlier biochemical determinations 
on  bean  tumors  (Klein  et  al.,  1953).  RNA,  as 
determined  as  RNA-phosphorus  per  gin.  dry 
weight,  showed  a  barely significant (8  to  10  per 
cent)  difference  between  forming  tumor  and 
wounded  control  stems.  Only  in  later  growth 
stages did tumor and wound show any significant 
RNA increase over normal untreated stems. This 
apparent contradiction in data undoubtedly stems 
from  the  fact  that  comparatively few  cells were 
involved in early stages of tumor or wound peri- 
derm formation. Such small areas were singled out 
for  cytochemical  measurement,  but  localized 
changes  were  masked  in  biochemical studies  by 
the  large amounts  of  RNA  in  unaffected  tissues 
which were  necessarily included in  the  analyses. 
Augmented  responses in  nuclei and  nucleoli of 
inoculated plants  must  be  ascribed  somehow  to 
the  presence  of  bacteria.  Whether  the  observed 
changes represent a  specific stage in tumor trans- 
formation  is  unknown.  The  marked  increase  in 
ribonucleoprotein content  of  forming  tumor  cells 
may reflect activation of mechanisms for protein 
synthesis  as  part  of  the  transformation  process 
(Braun,  1957a,  b,  1958;  Klein,  1958).  On  the 
other hand,  these changes may be related to less 
specific factors in tumor genesis such as the general 
release  of  auxins  by  bacterial  cells  (Link  el  al., 
1937;  deRopp,  1950).  Auxins,  for  example,  can 
in themselves stimulate tissues to RNA and protein 
synthesis (Klein et  al.,  1953;  Skoog, 1954). 
(3)  DNA  Changes.--DNA  synthesis during the 
first 24 hours was equally activated in both tumor 
and wound,  and thus was not augmented by the 
presence  of  bacteria.  From  3  days on,  however, 
the frequency of ceils undergoing DNA synthesis 
(interclass  frequency)  was  higher  in  the  tumor. 
Diploid  cells  were  more  readily  stimulated  to 
DNA synthesis than were cells of the higher DNA 
classes. This may be associated with the position 
of diploid cells near  the vascular bundles. Braun 
(1957 a) found that vascular tissue was needed for 
tumor initiation in explants of tobacco stem, pre- 
sumably  because  it  acts  as  a  source  of  growth 
promoting  substances.  In  regenerating  rat  liver, 
however, diploid cells were also the first to undergo 
DNA  synthesis and  the  higher polyploid classes 
last, where location within  the  tissue was appar- 
ently not a  factor (Kleinfeld, 1953).  Such results 
would be expected if nuclei possessed sites to be 
activated by treatment (or produced inhibitors to 
be  inactivated)  in  proportion  to  the  number  of 
chromosome sets they contain. 
After the initial DNA response of diploid cells, 
equal in prospective tumor and wound, inoculated 
tissues  showed  markedly  greater  frequency  of 
dividing cells from  the  higher  DNA  classes.  Al- 
though  there are reports of wounding  and  auxin 
treatment causing division of polyploid bean cells 
(Palser,  1942;  Coleman,  1950),  in  our  material 
polyploid divisions were  rare  in wounded  stems, 
but  always present  in  the  forming  tumor.  Poly- 
ploid divisions have previously been reported from 
crown-gall tissues by Therman  (1956)  and others 
(Levine,  1931;  Garrigues,  1950;  Kupila,  1958). 
They  were  also  characteristic of  eaneeroidea  tu- 
mors  of  Antirrenum  (Stein,  1942)  and  the  fern 
prothallus tumors studied by Partenen (1956).  In 
legume  root nodules,  the  nuclei of  infected  cells 
were  mostly tetraploid (Wipf and  Cooper,  1940; 
Bond, 1948;  Allen and Alien, 1954).  On the other 
hand,  polyploid mitoses are rare in normal plant 
meristems.  One  cannot  assume,  however,  that 
polyploid divisions are invariable concomitants of 
neoplasia, since some mammalian tumors are pre- 
dominantly diploid (Bader,  1953;  Leuchtenberger 
et  al.,  1954),  as  is  the  case  also  for  crown-gall 
tumors on sunflower stems  (Kupila, 1958). 
During transformation of cells from cortex and 
pith, DNA amounts in some nuclei were reduced 
from  8C  to  2C  levels  by  repeated  cell  division 
without intervening DNA synthesis. This behavior 
of  bean  tissue is  similar in  some respects to  the 
"somatic reduction division" described for cells of 
the ileum of mosquito larvae by Berger (1938)  and 
Grell (1946), and suggested for rat liver after thio- 
acetamide treatment by Heitzer (1955).  In a stud)' E.  RASCH, H.  SWIFT, AND  R.  M.  KLEIN  31 
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TExT-FIG. 18.  A  comparison between biochemical and photometric  DNA determinations.  A,  Biochemica~ 
determinations,  made as DNA-phosphorus per  unit dry weight, taken from Klein et al.  (1953). B, Values for 
average DNA per nucleus in wound and tumor computed from Text-figs. 9 and 10. Values for normal tissues, 
and also wound and tumor values in parentheses, have been computed from the DNA class frequencies graphed 
in Text-fig. 6. The actual 0-hour control values are 460/~g. DNAP/gm. dry weight and 26.1 pg. of DNA per nucleus. 
of auxin effects on tobacco pith in vitro, Patau et aL 
(1957)  found  that  DNA  interclass  values  arose 
before  mitotic figures  were  observed;  suggesting 
that 4C and 8C nuclei probably underwent addi- 
tional DNA doubling before division. Recent ex- 
periments with  tritium-labelled thymidine, how- 
ever, have demonstrated the presence of unlabelled 
mitotic figures  after  auxin  treatment, indicating 
that  some  nuclei  of  higher  classes  may  divide 
directly  without  undergoing another  DNA  syn- 
thesis (Das and Patau, personal communication). 
The behavior of DNA in bean tumor nuclei may 
be  a  result of  altered  auxin and  kinin levels in 
crown-gall  tissues  (Link  et  al.,  1937;  Klein and 
Vogel,  1956;  Braun,  1957  a,  1958;  Klein,  1958). 
In normal tissues cell enlargement and cell division 
are both affected  by the quantitative interaction 
of  growth  regulating substances  (cf.  Skoog  and 
Miller, 1957). In studies on excised  tobacco pith, 
Patau  et  al.,  (1957) found  that  kinetin was  re- 
quired for mitosis and cell division, and possibly 
also  for DNA doubling. Auxin was necessary for 
DNA  doubling and  also  for  mitosis.  Thus  with 
variation in auxin-kinin ratios, a  shift in the pat- 
terns of DNA synthesis and mitosis might be ex- 
pected during tumor growth, leading either to the 
production of large nuclei of high DNA content, 
or  to  the  progressive  reduction  of  large  nuclei 
once they have been formed. 
Although patterns of DNA synthesis and mitosis 
were  upset in the growing tumor, clearly defined 
DNA  classes  were  maintained at all times. Thus 
DNA  synthesis  apparently  always  involved  an 
even  doubling,  and  mitosis  an  even  halving of 
DNA amounts. In addition, no DNA values below 
the  diploid  (2C)  level were  ever found. 
Photometric  and  biochemical  determinations 
show  roughly  similar  patterns  of  DNA  change 
during  tumor  growth  (Text-fig.  18). There  is, 
however, a  marked discrepancy in the curves for 
tumor tissues during the first 3 days, the period of 
tumor  cell  transformation.  Biochemical  values 
(from Klein et al.,  1953) show a DNA increase of 
30 to 40 per cent by day 2, but this abrupt peak is 
absent from the photometric data. This DNA peak 
cannot be due to host chromatin, for the sudden 
drop in DNA-phosphorus at 3 days to near normal 
levels occurred at a  time when mitosis and DNA 
synthesis in host nuclei were  increasing. Also,  it 
cannot be due to bacterial DNA, since an increase 
in DNA  of  this  magnitude would  involve some 
700 bacteria per cell throughout the stern sample. 
Estimates  of  DNA-Feulgen content for  smears  of 
A grobacterium tumefadens  were made by the two-wave- 
length  method  and compared with  rat diploid nuclei 
as a known DNA standard.  (Our value of 0.012 pg. 
DNA per  unit cell of A.  tumefaciens  compares with 
reports  of 0.014 pg.  for  Escherichia  coli  (Morse and 
Carter,  1949), 0.024 pg.  for  Clostridium  wdchii,  and 
0.020 pg. for Bacillus lactis aerogenes (Vendrely, 1955).) 
If the  change in DNA-phosphorus of the  system by 
day 2 is solely a  function  of bacterial  number,  with 
26 pg.  DNA per  bean  cell at  0  time,  an additional 
8.4 pg. DNA or 700 bacteria per cell should be found. 
This number of bacteria should be readily vis- 
ible upon microscopic examination. Further since 32  NUCLEOPROTEIN  CHANGES 
the  bacteria  are  not  homogeneously distributed, 
but  aggregated  in  intercellular  spaces  (Riker, 
1927),  tremendous  concentrations  of  bacteria 
would  be  necessary  to  account  for  the  increase 
in  DNA-phosphorus  observed.  Typical  growth 
curves  for  crown-gall  bacteria  in  host  tissues 
moreover  show  no  abrupt  decrease  in  bacterial 
numbers on the  3rd  day after  inoculation (Riker 
et  al.,  1941).  In  addition,  since  the  RNA/DNA 
ratio  of  the bacteria  is of  the  order  20:1  (Klein, 
1953),  marked  changes  in RNAP  of  the  system 
would  be  expected  if  the  ])NAP  increase  were 
a  reflection  of  increase  in  bacterial  number.  No 
such  change  was  found.  The  RNA  changes  ob- 
served  cytochemically involved host nucleoli and 
cytoplasm,  not  the  bacteria  which  are  extra- 
cellular in location  (Riker,  1923,  1927;  Banfield, 
1935).  The  labile  DNA  fraction  observed  bio- 
chemically could not be  localized by  several dif- 
ferent  cytochemical  tests  for  DNA,  and  it  is 
possible that  it was lost from  the  tissues  during 
preparation.  However,  calculations  show  that  if 
this component were uniformly distributed in host 
tissue, a  30 to 40 per cent increase of DNA in the 
system  would  give  a  Feulgen  extinction of  only 
0.005,  much  below  the  limit  of  photometric  or 
visible  detection.  Also,  the  possibility  remains 
that  the  biochemical  DNA  determinations  may 
have been influenced by contamination from non- 
DNA  components.  The  localization and  charac- 
terization of  this labile DNA  component and its 
possible relation to  the  tumor-inducing principle 
(Braun,  1954;  Klein  and  Link,  1955),  are  im- 
portant goals for future study. 
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EXPLANATION  OF I~LATES 
PLATE 6 
Anatomy of normal and  tumorous broad bean stems. Transections  of 4th internode  of  plants  inoculated 21 
days  after planting.  Tissues fixed in formalin and  stained with azure B. 
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FIG.  1.  Wound produced  by needle,  1 hour  after inoculation.  X  20. 
FIG. 2.  Stem 5 days after inoculation. Small tumor masses  arising from parenchymal  cells of central cylinder 
indicated at  T.  X  20. 
FIG. 3. Tumorous stem 20 days after inoculation. The normally hollow center of the stem has been filled with 
tumor cells derived from pith. The original epidermis in regions of tumor proliferation has  been lost and layers 
of necrotic tumor cells (nec) line the outer margi  n of the tumor. Note the sporadic vascularization  of the tumor 
mass  (WS) and  the general disorientation of normal stem architecture in areas of tumor growth.  X  18. THE JOURNAL OF 
BIOPHYSICAL  AND  BIOCHEMICAL 
CYTOLOGY 
PLATE 6 
VOL. 6 
(Rasch et al.: Nucleoprotein changes) PLATE  7 
Initial histological responses to inoculation. Photomicrographs of stem transections, formalin-fixed  and stained 
with safranin-fast green.  X  300. 
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FIG. 4.  Wound surface 1 day after inoculation. Note collapse  of ruptured cells at wound surface and general 
sparsity of nuclear and cytoplasmic staining. 
Fro. 5. Two days after inoculation, the debris layer at wound surface has passively sealed off underlying tissues. 
Note cell enlargement in pericycle and endodermis. Nuclear and cytoplasmic staining is increased, associated with 
increased RNA and protein concentrations. 
FIG. 6. Three days after inoculation, further increases in cytoplasmic staining accompany the now prominent 
nuclei  of parenchymal cells  of the central cylinder. The appearance of new cell  walls  (arrows)  marks the first 
longitudinal divisions of tumor cells. 
FIG. 7. Five days after inoculation a small mass of actively dividing cells is apparent along the locus of inocu- 
lation.  These  tumor  cells  characteristically have large  basophilic nuclei and  nucleoli,  and  strong cytoplasmic 
basophilia. Note  the crushing of some cells  and almost complete abolition of normal intercellular spaces asso- 
ciated with the formation and growth of new cells in the tumor area. Cell  divisions have occurred in all  planes 
in the tumor mass, which shows no pattern with regard to normal stem tissue orientation. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  7 
VOL. 6 
(Rasch et al.: Nucleoprotein changes) PLATE 8 
Histological  comparison of normal wound healing and  the mature tumor mass in  bean.  Photomicrographs of 
bean  stem  transections,  formalin fixed  and  stained  with  safranin-fast green.  X  I10. 
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Fro.  8.  Wounded stem 33  days after  treatment.  Cell duplication is limited to  10 or more cell layers of wound 
periderm  (wp)  formed on either side of the rupture to seal off wound. Adjacent tissues not participating in wound 
response show no  evidence of change from  normal  stem anatomy. 
Fro.  9.  Inoculated  stem 33  days after  treatment.  The  mature  tumor  mass shows differentiation  of vascular 
elements by lignification of cells of various tissue origins (ws). Actively growing masses of small, thin walled tumor 
cells  are  interspersed  with  giant  cells.  Complete  disruption  of normal  stem anatomy is apparent  in  all  regions 
of tumor proliferation.  Layers of necrotic tumor cells  (nec)  line  the outer surface of the tumor mass. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 8 
VOL. 6 
(Rasch et al. : Nucleoprotein changes) PLATE 9 
Tumor  transformation in cortical cells  of bean stem,  ;<  110. 
Fro. 10. Photomicrograph of normal bean stem in transection. Formalin fixation,  stained with azure B, pH 4. 
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FIG.  11.  An area of bean stein similar to that shown in Fig.  10,  but about 0.6  mm. from site of inoculation 
at 5 days after treatment. Formalin fixation, stained with safranin and fast green. The varying tissue origins  of 
proliferating tumor cells can be readily assessed by comparison with Fig.  10. Compression and collapse  of some 
cells is apparent in several areas of extensive tumor growth. Marked changes in cells of the cortex and pith in- 
clude increased prominence of nuclei,  increased cytoplasmic basophilia, and loss  of normal intercellular spaces. 
As indicated by the number of new cell walls in the pericycle and perimedullary parenchyma, these areas were 
among the first to respond. Note also displacement of lignified vascular elements by proliferation of recent cambial 
derivatives, and  activation of the interfascicular cambium. 
FIG. 12. A region of bean stem similar to that shown in Figs. 10 and 11, at 9 days after inoculation with bac- 
teria.  Formalin fixation,  stained with safranin and fast green. Margin of the puncture is at lower right.  Note 
extensive proliferation of tumor cells derived from vascular associated parenchyma. Tumor cells of cortical origin 
commonly occur within the confines  of parent cell walls.  The great increase in cell number has resulted in dis- 
placement of the epidermis and of the outermost cortical cells as well. Planes of cell division show no orientation 
with respect to normal stem architecture. Note the accumulation of excessive  numbers of lignified  ceils in areas 
like  that  at  the left of the micrograph. THE  JOURNAL  OF 
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Polyploidy in bean tumors. Photomicrographs of mitotic nuclei in growing and mature tumor masses.  Formalin 
fixation, Feulgen-stained.  X  1750. 
FIG. 13.  Diploid  (4C)  prophase,  33  day  tumor. 
FIG. 14.  Tetraploid  (8C)  prophase,  9  day  tumor. 
FIG. 15. Octaploid (16C)  prophase,  9 day tumor; arrows indicate places where segments of diplochromosomes 
are partially separated. 
FIG. 16.  16-ploid  (32C)  prophase,  33  day tumor. 
FIG.  17.  32-ploid  (64C)  prophase,  33  day  tumor;  note partial  separation  of diplochromosomes  (arrow). 
FIG. 18.  Diploid  (4C)  metaphase,  9  day  tumor. 
FIG. 19.  Tetraploid  (8C)  metaphase,  9  day  tumor. 
FIG. 20.  Cross-section of diploid  (2C)  anaphase  group,  9  day  tumor. 
FIG. 21.  Cross-section of tetraplold  (4C)  anaphase  group,  20  day  tumor. 
FIG. 22.  Diploid  (2C  in  each group)  anaphase,  9  day  tumor. 
Fro.  23.  Tetraploid  (4C  in each group)  anaphase,  9  day tumor. 
Fro.  24.  Diploid anaphase,  33  day  tumor;  note secondary  constrictions. 
FIG. 25.  Tetraploid  anaphase,  33  day  tumor. THE  JOURNAL OF 
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Cytological changes in  bean  cells  during  tumor  transformation. Photomicrographs of longitudinal sections, 
X  1700. Figs. 26 to 28, formalin fixation,  stained for RNA and DNA with azure B, pH 4. 
FIG. 26. Cells of normal ray parenchyma. Note the sparsity of cytoplasmic RNA which appears only as a thin 
sheath of basophilia around cell walls and flattened nuclei. 
FIG. 27.  Ceils of wound periderm 5 days after treatment. Compare nucleolar volume and basophilia here with 
that in Fig.  26.  Cytoplasmic RNA appears as a  diffuse  basophilia surrounding nuclei and vacuoles, and lining 
cell walls. 
FIG. 28. Tumor cell at 5 days after inoculation. Note the large and intensely basophilic nucleolus.  Cytoplasmic 
RNA appears in part as a  diffuse  basophilia, but also occurs in discrete, heavily stained aggregates. Note also 
the perinuclear bodies, which here show no stainability with azure B. 
Fro. 29.  Perinuclear inclusions of a  tumor cell at  5 days stained with Sudan black B.  Formalin fixation. 
FIC. 30.  Perinuclear inclusions of a tumor cell at 5 days stained with the periodic acid-Schiff (PAS)  reaction 
for polysaccharides. Acetic-alcohol fixation. 
FIG. 31.  Tumor  cell  at  5  days in  mitosis. Acetic-alcohol fixation.  Several  PAS-positive inclusions surround 
the spindle. Chromosomal staining during mitosis was observed also in wound repair tissue and in normal root 
meristems. It was not present in unhydrolyzed tissue sections. THE  JOURNAL  OF 
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